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Abstract 
It’s more reliable on the decision-making units when the reference set is chosen by t raditional DEA cross-efficiency 
evaluation method, so decision-makers can’t select the proper reference system for evaluation. Therefore, we give a 
new cross-efficiency evaluation method based on sample units in this paper. Furthermore, we also propose a 
generalized benevolent and aggressive cross-efficiency evaluation model. Finally, we apply this method to analyse 
the efficiency of some coal listed companies. By the application on the energy enterprises, we find that the new 
method has an obvious advantage compared with the traditional DEA cross-efficiency evaluation method. Especially, 
it can effectively eliminate the influence of time on the decision-making results when we use some panel data to 
evaluate the cross-efficiency of units. 
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1. Introduction 
Coal is China's basic energy, the development of coal industry is closely related to the national energy 
security and the improvement of national economy, so it is becoming an important topic about how to 
effectively  improve the production efficiency of coal enterprise in low-carbon economical t ime. However, 
the China's coal enterprises have a large gap in mechanizat ion and labor productivity compared with some 
developed countries. With the quick development of China's market economy and a higher level of 
internationalization, the coal companies are facing increasing competit ion, greater uncertainty in the 
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business environment besides of the resources restriction, so all of these require the coal companies mus t 
improve their efficiency of production. Then how to improve the production efficiency of coal companies? 
In recent years, Data envelopment analysis method has been widely used in economic efficient analysis of 
coal enterprises. For example, paper [1] applies data envelopment analysis to measure the economic 
benefits of China's coal listed companies, and gives the corresponding suggestion to increase economic 
efficiency through improving some index value. Paper [2] applies DEA method to evaluate the efficiency 
of China's 20 large-scale coal enterprises, the results show that most of the enterprises are not effective, so 
they give some suggestions on how to improve their efficiency. At the same time, paper [3] and [4] also 
evaluate the efficiency of China's coal enterprises by apply C2R model and B2C model, give the 
corresponding improvement informat ion by the projection analysis of inefficient units, respectively. 
However, it is more reliance on the decision-making units when the reference set is chosen by traditional 
DEA cross-efficiency evaluation method [5-8], so decision-makers can’t select the proper reference system 
based on their aim. In  addition, it still needs to further research on how to measure the cross -efficiency 
under the condition of different time. Therefore, we give a new cross -efficiency evaluation method based 
on sample units in this paper. Furthermore, we also propose a generalized benevolent and aggressive 
cross-efficiency evaluation model. Finally, we select the situation in 2008 as the reference, and analyse 
the efficiency of some coal listed companies. By the application on the energy enterprises, we find that the 
new method has an obvious advantage compared with the traditional DEA cross -efficiency evaluation 
method. Especially, it  can effectively  eliminate the in fluence of time on the decision-making results when 
we use panel data to evaluate the cross-efficiency of units. 
2. The Generalized Cross-Efficiency Evaluation Method (Sam-CrossDEA) 
Sexton proposed a cross-efficiency evaluation method in 1986[5], his main aim is plan to eliminate 
(reduce) the shortcoming of trad itional DEA methods by using a mutual assessment system instead of the 
self-assessment system. th is method not only can solve the problem which  the weights in traditional DEA 
method is too extreme and unrealistic, but also avoid the tendentious that decision makers subjectively 
determine the weights. However, some applications show that the cross -efficiency evaluation method is 
still need to be improved because it can only give the information relat ive to the excellent decision 
making units. Therefore, we give a new generalized cross -efficiency analysis method (Sam-CrossDEA). 
2.1. The basic generalized cross-efficiency analysis method (S-Cross) 
Suppose that there are n decision making units (DMU) to be evaluated, and n  sample units as the 
reference system, in  which the input and output vectors of DMU k  are T1 2( , ,..., )k k k mkx x x x ˈ
T
1 2( , ,..., )k k k sky y y y , the input and output vectors of sample unit j are T1 2( , ,..., )j j j mjx x x x ˈ
T
1 2( , ,..., )j j j sjy y y y , and all of the vectors are positive. For the decision making unit k , the basic 
generalized cross-efficiency analysis model can be given as follows: 
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Suppose that 0 0,k kω μ  is an  optimal solution of (G-DEA) model, then we can  obtain the optimal weights 
corresponding to each decision-making unit by transforming ( , ), ( 1,2,..., )k k k n x y . 
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cross-efficiency of decision making unit i. 
2.2. The cross-efficiency analysis method based on benevolent strategy (BS-Cross) 
If there exists on friendly or mutually beneficial relationship among the evaluated units, a decision -
maker tries to protect his own interests as well as hopes others better. For this situation, we give a cross -
efficiency analysis method based on benevolent strategy. Since the optimal solution of (G-DEA) model is 
often not unique, the decision maker tries to select an optimal solution to make the average cross -
efficiency of others to be maximum when he maintains own maximum efficiency. 
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In fact, when Ekk  is fixed, the object of decision maker is to find the optimal weights and make Ak to 
be maximum. So we can give the following model (B-Str). Since there are a non-linear object ive function 
in (B-Str), we replace it with the following programming (B-StrL): 
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2.3. The cross-efficiency analysis method based on aggressive strategy (AS-Cross) 
If there exists on competition and exclusion among the evaluated units, a decision-maker tries to 
protect his own interests while he hopes the efficiency of others to be lower. For this situation, we give a 
cross-efficiency analysis model (A-Str) based on aggressive strategy. Since there is a non-linear object ive 
function in (A-Str), we replace it with the following programming (A-StrL). 
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3. The Analysis of Economic Efficiency of Shanxi Energy Listed Companies 
Coal is China's basic energy, with the "low-carbon economy" era, the Chinese energy consumption 
structure that main ly depends on coal resource is facing enormous challenges. The contradiction between 
coal need and economic development is becoming increasingly p rominent due to the scarcity of coal 
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resources. How to improve the efficiency of energy utilization in all the aspects has become an important 
issue.  
Shanxi Province is an important base of coal production. In recent years, the global economic crisis 
continues to impact the production of coal in Shanxi Province. In order to understand the production state 
of coal enterprises, we give an analysis of the coal listed companies  in Shanxi in the following part. 
3.1. The selection of indicators and Measuring the cross-efficiency 
At present, there are many different types of indicator systems for evaluating the economic efficiency 
of energy enterprises because of the different evaluation goals. In  this paper, we mainly consider the 
human resources, assets and profits when the economic efficiency of energy enterprises is evaluated.  
According to the main economic indicators of listed companies, we select the net value of fixed assets, 
total number of employees and cost of principal business as input indicators, while we select the revenue 
from principal business, revenue per share, total number of profits and taxes as output indicators. The 
collected data is main ly from the annual report of company from 2003-2008 (in the financial network 
http://quote.cfi.cn/), and we convert the data at constant prices in 2000 year. 
We select the production data in 2008 as the evaluating reference system, by applying (G-DEA) model, 
we measure the cross-efficiency of 7 coal listed companies in Shanxi Province from 2003-2008. 
3.2. An analysis of the cross-efficiency of coal listed companies in Shanxi from 2003-2008 
(1) The analysis of annual average cross-efficiency of all the enterprises 
By (G-DEA) model, we can obtain  the average cross-efficiency of coal enterprises in Shanxi Province 
form 2003-2008 (see figure 1). It shows that the annual average cross-efficiency of coal enterprises in 
Shanxi Province in  2003-2008 is between 0.7 and 1.07, in which the efficiency value maintains a 
sustained increase from 2003-2005, but the economic efficiency begins to decrease since 2005. Especially, 
it has an obvious decrease during the financial crisis in 2007. By  the adjustment of economic structure, 
their economic benefits  begin to recover in 2008. 
 
 
 
 
 
 
 
 
 
 
 
(2) An analysis of average cross-efficiency of every coal listed enterprise 
By the figure 2, we can know that the average efficiency value of 7 coal listed companies  is between 
0.5165 and 1.5336. We can d ivide them into three groups, in which the average efficiency of Lu  An Huan 
Neng Company, Guo Yang Xin Neng Company and Xishan Mei Dian Company is over 1. The average 
efficiency of Da Tong Mei Yi Company and Lan Hua Ke Chuang Company is between 0.8-1, while the 
value of An Tai Ji Tuan Company and Shan Xi Mei Qi Hua Company is lower than o.6. So the two 
lowest companies should take measures to adjust their production structure, enhance production 
efficiency and reverse the adverse situation. 
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(3) The change of economic efficiency and the development trend analysis of coal listed enterprise 
By figure 3, we know that the economic efficiency of listed companies in Shanxi has a large 
fluctuation from 2003-2008. The 
efficiency of most of the companies is 
decreasing in recent years. It  is worth to 
say that Da Tong Mei Yi Company, Lu 
An Huan Neng Company and Xishan 
Mei Dian Company have changed the 
trend of decrease. But the condition of 
An Tai Ji Tuan Company have a more 
serious trend. 
4. Conclusion 
The method of generalized cross -efficiency analysis rep laces DMUs with the sample units to compose 
the reference system of evaluation. So  it  solves the issue that the traditional cross-efficiency evaluation 
method can not give some suggestion based on the reference system of po licy-makers. Meanwhile, the 
cross-efficiency analysis method based on aggressive strategy and benevolent strategy can reflect the 
preferences of decision makers  to public . In part icular, the above method is very effective to evaluate the 
panel data because it can successfully eliminate the effect of time change. 
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Fig.3  The Cross-efficiency Change of Coal Listed
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